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(54) Optical distance noeasuring apparatus 

(57) A distance measuring apparatus projects a 
measuring beam of light toward an object (14) to be 
measured by a light projecting system. Light reflected 
by the object (14) is imaged on a light receiving and con- 
verting device (16) by a light receiving system. A dis- 
tance from a measuring position to the object (14) is 
measured based on the light imaged on the light receiv- 
ing and converting device (16). If an object to be meas- 
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ured is a reflecting sheet or natural substance, part of 
diffused and reflected light from the object is deflected 
toward the light receiving and converting device (16) by 
a deflecting device (16) which is disposed apart from an 
optical axis (Q2) and close to the light receiving and con- 
verting device (16) disposed on an optical path which 
ranges from the object to the light receiving and convert- 
ing device (16). Measurements of long and short dis- 
tances can be taken with the single apparatus. 
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FIG. 1(A) 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a distance meas- 
uring apparatus, in particular, to a distance measuring 
apparatus for measuring a distance from a measuring 
position to an object to be measured such that visible/ 
invisible light used as a measuring beam of light is irra- 
diated toward the object and light reflected from the ob- 
ject is received by a receiving and converting means. 

2. Description of the Prior Art 

There is known a distance measuring apparatus for 
measuring a distance from a measuring position to an 
object to be measured such that visible/invisible light or 
modulated light or pulse light, each used as a measuring 
beam of light, is irradiated toward the object and light 
reflected from the object is received by a receiving and 
converting means. 

In general, this kind of distance measuring appara- 
tus mainly comprises an optical portion lor irradiating 
and receiving the measuring light and an electronic por- 
tion for measuring the distance by converting the meas- 
uring light received by the optical portion into an elec- 
tronic signal. 

The optical portion for irradiating and receiving the 
measuring light includes a light emitting portion for emit- 
ting the measuring light from a light source, an irradiat- 
ing optical system for Irradiating the measuring light to- 
ward the object, a light receiving optical system for guid- 
ing light reflected by the object, and a light receiving por- 
tion tor receiving the reflected light guided by the light 
receiving optical system. 

Fig. 6(A) is a schematic view showing an optical ar- 
rangement of this kind of distance measuring apparatus. 
In Fig. 6(A), a light emitting portion has a light source 1 
for emitting measuring light. The measuring light is re- 
flected by a reflecting mirror 2 and travels to an objective 
lens 3 sen/ing as an Irradiating optical system. The re- 
flected measuring light becomes substantially parallel 
rays of light by means of the objective lens 3. An object 
4 to be measured, which is disposed along an optical 
axis of the objective lens 3. receives and reflects the 
parallel measuring light. The parallel measuring light re- 
flected by the object 4 travels to the objective lens 3. 

The measuring light which again has passed 
through the objective lens 3 is reflected by the reflecting 
mirror 2 and is Imaged on a light receiving means 5 of 
the light receiving portion. 

As an object to be measured, use is made of, for 
example, a comer-cube prism (i.e., a retroreflection 
prism) mounted on the object 4 as shown in Fig. 6(A), 
a light reflecting sheet, or the object 4 itself. 

As shown In Fig. 6(A), in the distance measuring 
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apparatus of a single-lens type in which the single ob- 
jective lens 3 Is used commonly between the irradiating 
optical system and the light receiving optical system, the 
two optical systems are separated from each other by 
s the objective lens 3, so that one of the optical systems 
is on the upper side and the other one is on the bwer 
side, at one is on the right side and the other is on the 
left side, or one is on the inner side and the other is on 
the outer side. A twin-lens type of distance measuring 
10 apparatus is also known in which an irradiating optical 
system and a tight receiving optical system have their 
respective objective lenses. 

In the aforementioned distance measuring appara- 
tus, there is a positional difference between the irradi- 
15 ating parallel light and the reflected parallel light, as 
shown In Fig. 6(A), if a corner-cube prism is used as the 
object 4 to be measured. For this reason, even if the 
irradiating optical system having the light source 1 and 
the light receiving optical system having the light receiv- 
ing sensor 5 are not positioned on the same axis, the 
measurement can be taken regardless of the distance 
between the measuring position and the object to be 
measured, in other words, regardless of whetherthedis- 
tance is long or short. 

On the other hand. If a light reflecting sheet or a 
natural object is an object 6 to be measured, as shown 
in Fig. 6(B), the measuring light which has struck the 
object 8 is reflected and diffused centering at a point J1 
where the light has struck the object 6. The light reflect- 
ing sheet is provided with retroreflective fine ball-like 
glasses or fine prisms on a surface thereof. The natural 
object has certain reflection characteristics. 

The measuring light which has staick the object to 
be measured is diffused reflection light. If a distance be- 
tween the apparatus and the object to be measured is 
long, reflected light which is substantially parallel with 
the optical axis of the objective lens 3 enters the light 
receiving optical system. For this reason, the light re- 
ceiving portion can receive reflected light necessary for 
the distance measurement even if the irradiating optical 
system and the light receiving optical system are Indi- 
vidually disposed. 

On the other hand, if the distance therebetween is 
short, the reflected and diffused light from the object to 
be measured which enters the light receiving optical 
system has a large inclination with respect to the optical 
axis of the objective lens 3. For this reason, the reflected 
light Is difficult to be imaged on the light receiving sensor 
5. 

Accordingly, the objective lens 3 images the reflect- 
ed light from the object 6 upon a position apart from the 
light receiving sensor 5. As a result, the quantity of light 
actually received by the light receiving sensor 5 Is very 
snriall, so that the distance measurement becomes dif- 
ficult. 

The measuring method in which the light reflecting 
sheet or natural object is used as the object 6 to be 
measured is being demanded from a viewpoint of hav- 



20 



25 



30 



35 



40 



45 



SO 



55 



9 



3 



EP0 768 542 A1 



4 



ing a wide use. in other words, having no limit on what 
is measured in the above-mentioned light wave distance 
measuring apparatus using the laser light as the meas- 
uring light. 

Accordingly, it might be proposed that if short-dis- 
tance measurememt is perfomned using a light reflecting 
sheet or a natural object as the object 6 to be measured, 
a prism 7 (see Fig. 7(A)) or lens 8 (see Fig. 7(B)) for 
correction is disposed on an optical path between the 
objective lens 3 and the object 6 to be measured so that 
a part of reflected and diffused light from the object 6 by 
means of the prism 7 or the lens 8 is imaged on the light 
receiving material 5. 

However, if the prism 7 or lens 8 is used, the prism 
7 or lens 8 must be removed from the optical path when 
long-distance measurement is carried out and must be 
inserted into the optical path when short-distance meas- 
urement is carried out. For this reason, the added parts 
for correction bring about a new disadvantage that the 
cost rises and the body of the apparatus becomes targe- 
sized and heavy. 

Moreover, disadvantageousiy, the operation of re- 
moving and inserting the prism 7 or lens 8 is necessary 
besides the measuring operation. Further, erroneous 
operation might occur when the distance measurement 
is performed in the conditions under which, for example, 
the prism 7 or lens 8 is inserted regardless of the fact 
that use Is made of the comercube 4 as an object 6 to 
be measured, or the prism 7 or tens 8 is removed re* 
gardless of the fact that use is made of the light reflecting 
sheet or natural object as the object 6. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a distance measuring apparatus in which long 
and short distance measurements can be carried out by 
the one apparatus, costs for added parts used for cor- 
rection can be reduced, the body thereof can be made 
small-sized and tight, and the efficiency of the measur- 
ing operation can be improved. 

In order to achieve the object, there is provided a 
distance measuring apparatus which comprises a pro- 
jecting system for irradiating a measuring beam of light 
toward an object to be measured, and a light receiving 
system for receiving reflected tight reflected by the ob- 
ject to be measured by means of a light receiving and 
converting means, and measures a distance from a 
measuring position to the object to be measured based 
on the reflected light received by the light receiving and 
converting means. In the distance measuring appara- 
tus, a deflecting means for deflecting at least a part of 
the reflected light is mounted near an optical path be- 
tween the object to be measured and the light receiving 
and converting means. 

Further, in order to achieve the object, there is pro- 
vided a distance measuring apparatus which comprises 
a projecting system for in'adiating a measuring beam of 



tight toward an object to be measured, and a light re- 
ceiving system for imaging reflected light from the object 
to be measured by means of a light receiving and con- 
verting means, and measures a distance from a meas- 
s uring positbn to the object to be measured based on the 
reflected light imaged by the tight receiving and convert- 
ing means. In the distance measuring apparatus, a de- 
flecting means is nrK}unted near an optical path between 
the object to be measured and the light receiving and 
10 converting means, for deflecting at least a part of reflect- 
ed light which is off the optical path toward the tight re- 
ceiving and converting means. 

Preferably, the deflecting means is made of a light 
diffusing material. 
IS Preferably, the deflecting means is made of a light 
reflecting material. 

Preferably, the deflecting means is made of a light 
refracting material. 

Preferably, the deflecting means is made of a light 
diffracting material. 

Preferably, a measured object is a retroreflectlon 
prism mounted on the object to be measured. 

Preferably, the retroreflectbn prism is a comer- 
cube. 

Preferably, a measured object is a light reflecting 
sheet mounted on the object to be measured. 

Preferably, a measured object is the object to be 
measured itself. 
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30 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (A) is an optical explanatory view showing a 
distance measuring apparatus in the case of per- 
forming long-distance measurement according to a 

3S first embodiment of the present invention; 

Fig. 1(B) is an optical explanatory view showing a 
distance measuring apparatus in the case of per- 
fonning short-distance measurement according to 
the first embodiment of the present invention; 

40 Fig. 2 is an optical explanatory view showing a dis- 
tance measuring apparatus in the case of perform- 
ing short-distance measurement according to a 
second embodiment of the present invention; 
Fig. 3 is an optical explanatory view showing a dis- 

45 tance measuring apparatus in the case of perform- 
ing short-distance measurement according to a 
third embodiment of the present invention; 
Fig. 4 is an optical explanatory view showing a dis- 
tance measuring apparatus in the case of perform- 

so ing short-distance measurement according to a 
fourth embodiment of the present invention; 
Fig. 5 is an optical explanatory view showing a dis- 
tance measuring apparatus in the case of perform- 
ing short-distance measurement according to a fifth 

ss embodiment of the present invention; 

Fig. 6(A) is an optical explanatory view showing a 
conventional distance measuring apparatus in the 
case of performing long-distance measurement; 
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Fig. 6(B) is an optical explanatory view showing a 
conventbnal distance measuring apparatus in the 
case of performing short-distance measurement; 
Fig. 7(A) is an optical explanatory view showing a 
conventional short-distance neasurtng apparatus in 
case of carrying out short-distance measurement 
by means at a prism; 

Fig. 7(B) is an optical explanatory view showing a 
conventbnal distance measuring apparatus in case 
of carrying out short-distance measurement by 
means of a lens. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

A first embodiment of a distance measuring appa- 
ratus of the present invention, which is applied to a light 
wave distance measuring apparatus, will be hereinafter 
described with reference to the accompanying draw- 
ings. 

Fig. 1 (A) is an optical view explaining normal meas- 
urement using a cornercube. Fig. 1 (B) is an optical view 
explaining short-distance measurement using a tight re- 
flecting sheet or the like. 

In Fig. 1(A), a distance measuring apparatus 10 
comprises a light source 11, a reflecting mirror 12 for 
reflecting a measuring beam of light emitted from the 
light source 11, an objective lens 13 through which the 
measuring beam of light reflected by the reflecting mirror 
12becomes parallel rays of light, a cornercube 14which 
is mounted on an object to be measured (not shown) 
and becomes an actually measured object, a deflecting 
means 15 made of a light diffusing material, such as 
ground glass, and a light receiving and converting 
means 16. 

The light source 11 and the light receiving and con- 
verting means 1 6 are disposed on focusing positions of 
the objective lens 13. In Fig. 1(A). reference character 
01 denotes a central optical path of a light emitting sys- 
tern between the light source 11 and the cornercube 14 
and a light receiving system between the cornercube 1 4 
and the light receiving and converting means 16, and 
reference character 02 denotes an optical axis of an op- 
tical system. The reflecting mirror 12 reflects the meas- 
uring beam of light along the axis 02 and reflects the 
reflected light in a direction perpendicular to the axis 02. 

The light source 11 emits visible/invisible light, mod- 
ulated light, or pulse light as the measuring beam of 
light. Emission timing of the light source 11 is controlled 
by a controlling portion (not shown). 

The deflecting means 15 is disposed on a light re- 
ceiving path between the objective lens 1 3 and the light 
receiving and converting means 16 and near the latter 
The deflecting means 15 Is apart from the optical path 
in order not to interrupt the reflected light in a case in 
which the reflected light incident on the objective lens 



13 is normally imaged on the light receiving and con- 
verting means 16 without being deviated by the objec- 
tive lens 13. 

Instead of the ground glass, a deflecting means of 

5 a type capable of freely setting a diffusion direction and 
angle may be used as the aforementioned deflecting 
means 16. This type of deflecting means can cause the 
diffused and reflected light to be more effectively re- 
ceived by the light receiving and converting means 16. 

10 When the distance to the object to be measured is 
measured, the cornercube 14 is previously mounted on 
the object to be measured so that the cornercube 14 
becomes an actual object to be measured. A measuring 
beam of light from the light source 11 is then in'adiated 

IS toward the cornercube 1 4. The measuring beam of light 
is reflected by the reflecting mirror 12 and passes 
through an incident side of the objective lens 1 3 and be- 
comes parallel rays of light. After that, the parallel rays 
of light are reflected by the comercube 14. At this time, 

20 the reflected light is parallel. 

The parallel reflected rays of light are converged by 
a light receiving side of the objective lens 13 and are 
reflected by the reflecting mirror 12. The light reflected 
by the mirror 12 is Imaged on the light receiving and con- 

25 verting means 1 6 and is taken out in the form of an elec- 
tric signal. A distance to the object to be measured is 
measured by measuring and calculating portbns (not 
shown). 

On the other hand, as shown in Fig. 1(B), in short- 
30 distance measurement, if an object 17 to be measured 
Is a light reflecting sheet or natural object, the measuring 
beam of light which has been emitted from the light 
source 11 and made parallel through the objective lens 
1 3 becomes diffused and reflected light at an irradiated 
35 position of the object 17 to be measured as shown by 
arrows. For this reason, the reflected light entering the 
light receiving system has a large inclination with re- 
spect to the axis 02. 

Part of the diffused and reflected light obliquely en- 
40 ters the light receiving side of the objective lens 1 3 and 
is reflected by the reflecting mirror 12 as it is. 

At this time, since a dislocation occurs on an imag- 
ing position because of oblique incidence on the objec- 
tive lens 13, the reflected light converged on the objec- 
ts tlve lens 1 3 is imaged on a position where the reflected 
light from the reflecting mirror 12 does not directly enter 
the light receiving and converting means 16. Since the 
deflecting means 15 of the present invention, whbh 
serves to diffuse and transmit the beam of tight. Is dls- 
50 posed out of the axis immediately before the light receiv- 
ing and converting means 1 6, the beam of light deflected 
by the deflecting means 1 5 enters the light receiving and 
converting means 16. The distance measurement can 
be performed based on this incident beam of light. 
55 The beam of light incident on the light receiving and 
converting 1 6 Is light obtained by further deflecting a part 
of the diffused and reflected light from the object 17 to 
be measured by means of the deflecting means 15. 
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Since the object 17 to be measured is at a short dis* 
tance, a case does not occur where the measurement 
cannot be performed for lack of a light quantity. 

Accordingly, in the case of long-distance measure- 
ment, the measurement is performed based on the par- 
allel light reflected by the comercube 14 as the object 
to be measured. In the case of short<iistance measure- 
ment, the measurement can be performed even if the 
object to be measured is the light reflecting sheet or nat- 
ural object, etc. instead of the comercube 14. In this 
case, even if the light reflecting sheet or natural object 
as the object to be measured has the light diffusing and 
reflecting characteristics, the distance measurement 
may be performed by the deflecting means 15 which is 
always fixed. Further, there is no need to provide the 
optical system on the light receiving side with a special 
driving means or the like. 

Accordingly, long and short distance measure- 
ments can be performed by one apparatus. In the case 
of the short distance measurement, even if the object to 
be measured diffuses and reflects the measuring beam 
of light, the distance measurement can be performed. 
Additionally, there is no need to use a driving device for 
driving an optical member (deflecting means 15) used 
for short-distance measurement by which diffused and 
reflected light is guided to the light receiving and con- 
verting means 15. Thus, the cost can be reduced and a 
body of the apparatus can be made more small-sized 
and light. Moreover, since the optical members for short- 
distance measurement is fixed, regardless of the dis- 
tance and the light reflecting characteristics of the object 
to be measured, the distance measurement can be per- 
formed by only one operation without the conventional 
pre-operation for inserting and removing the prism 7 or 
lens 8. Therefore, operational efficiency can be im- 
proved. 

As mentioned above, in the distance measuring ap- 
paratus according to the present invention, the deflect- 
ing means for deflecting at least a part of the reflected 
light is disposed on the optical path between the object 
to be measured and the light receiving and converting 
means and near the latter. Therefore, the long and short 
distance measurements can be performed by one ap- 
paratus, and the costs for added parts for con'ection can 
be reduced. Additionally, the body of the apparatus can 
be made smaller and lighter, and operational efficiency 
can be improved. 

Second Embodiment 

Fig. 2 shows a second embodiment of a distance 
measuring apparatus according to the present Inven- 
tion. The distance measuring apparatus in the second 
embodiment is more practical and concrete than that in 
the first embodiment. In the second embodiment, only 
the case of short-distance measurement is described. 
Sine the distance measuring apparatus in the second 
embodiment is optically the same as that in the first em- 



bodiment, the same constituent parts are designated by 
the same reference characters, and the descriptbn 
thereof Is omitted (same in the folbwing third, fourth, 
fifth embodiments). 
s The distance measuring apparatus 20 comprises a 
light source 1 1 . a light emitting fiber 21 , a split prism 22, 
a reflecting mirror 12, an objective lens 13, an object 17 
to be measured, a shutter 23. an ND filter 24. a deflect- 
ing means 1 5, a BPF (band pass filter) 25. a prism 26. 
10 a light receiving fiber 27, a light receiving and converting 
means 16. and lenses 28 and 29. 

An Irradiating beam of light emitted from the light 
source 1 1 passes through the light emitting fiber 21 and 
is split Into measuring light and reference light by means 
IS of the split prism 22. The split measuring light is reflected 
by the reflecting mirror 12 and passes through the ob- 
jective lens 1 3 and becomes parallel rays of light. The 
parallel rays of light are diffused and reflected by the 
object to be measured 17. 

Part of the diffused and reflected light from the ob- 
ject 17 to be measured is converged by the light receiv- 
ing side of the objective lens 13 and is reflected by the 
reflecting mirror 12. The reflected light passes through 
the shutter 23 which sen/es as a transmitting-switch of 
the measuring light and reference light and Is adjusted 
to a certain quantity of light by the ND filter 24. After that, 
the adjusted light is deflected to the light receiving fiber 
27 by the deflecting means 15. 

Of the reflected light deflected by the deflecting 
means 15, only a part a wavelength of which corre- 
sponds to that of the light emitted from the light source 
11 passes through the BPF 25 and the prism 26 which 
combines the measuring light and reference light. The 
part of the reflected light is then received by an end sur- 
face of the light receiving fiber 27. After that, light which 
have passed through the light receiving fiber 27 is re- 
ceived by the light receiving and converting means 16 
and is taken out as an electronic signal. A distance to 
the object to be measured is measured by a measuring 
portion and a calculating portion (not shown). 

On the other hand, the reference light of the tight 
split by the split prism 22 is reflected by the split prism 
22 and passes through the relay lens 28. By operating 
the transmitting-switch, the reference light passes 
through the shutter 21 and the relay lens 29. The refer- 
ence light is then reflected and guided by the prism 26 
and is imaged by the light receiving fiber 27 and is re- 
ceived by the light receiving and converting means 16. 
Thereby, the reference light emitted from the light 
source 11 is discerned. 

If the object to be measured can be regarded as 
being distant Infinitely, light reflected by the object to be 
measured Is converged on the light-receiving side of the 
objective lens 1 3 and is reflected by the reflecting mirror 
12. After that, the reflected light passes through the 
shutter 23, the ND filter 24, the BPF 25, and the prism 
26 and is then imaged by the tight-receiving fiber 27. 
After passing through the tight-receiving fiber 27, the im- 
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aged light is received by the light receiving and convert- 
ing means 16. 

Third Emlxxliment 

Fig. 3 shows a third embodiment of a distance 
measuring apparatus according to the present inven- 
tion. In the first embodiment, the single-lens type of ob- 
jective tens 1 3 Is divided into a right-hand part and a left- 
hand part, and the two parts sen/e as a light-emitting 
side and a light-receiving side, respectively. In the third 
embodiment, a distance measuring apparatus 30 
shown In Fig. 3 has a twin-tens type of objective tens 
1 3a one of which sen/es as a light-emitting side and the 
other one senses as a light-receiving side respectively. 

Except for this, the distance measuring apparatus 
30 is substantially the same in optical construction as 
that in the first embodiment. Thus, the description of It 
is omitted. 

Fourth Embodiment 

Fig. 4 shows a fourth embodiment of a distance 
measuring apparatus according to the present inven- 
tion. In the fourth embodiment, an oblique mirror 30 is 
disposed on an axis of the objective lens 1 3. The oblique 
mirror 30 reflects a measuring beam of light emitted from 
the light source 11 so that the measuring beam of light 
becomes parallel rays of light having the same optical 
axis as that of the objective lens 13. Further, the light 
receiving and converting means 16 is disposed on the 
same axis as that of the objective lens 1 3. Accordingly, 
the measuring beam of light emitted from the light 
source 11 passes through the center of the objective 
lens 1 3 and strikes the object to be measured. After that, 
reflected light from the object to be measured passes 
through the periphery of the objective lens 13. 

On the other hand, a deflecting means 15' having 
light diffusing characteristics is disposed nearby the light 
receiving and converting means 16. The deflecting 
means 15' is shaped like a ring the center of which has 
. an opening so that the optical path can pass through it. 
If the object to be measured is distant enough to meas- 
ure a distance, the reflected light is converged on the 
objective lens 1 3 and passes through the center open- 
ing of the deflecting means 15'. The reflected light is 
then imaged on the light receiving and converting 
means 16. If the object to be measured 17 Is a light re- 
flecting sheet or natural object, part of the diffused light 
is received by the light receiving and converting means 
16 through the deflecting means 15'. 

Fifth Embodiment 

Fig. 5 shows a fifth embodiment of a distance meas- 
uring apparatus according to the present invention. A 
distance measuring apparatus 50 of the twin-lens type 
having the two objective lenses 13a, 13b shown in the 
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third embodiment comprises a deflecting means 31 hav- 
ing light reflecting characteristics instead of the deflect- 
ing means 15 having light diffusing characteristics 
shown in the third embodiment. The deflecting means 

5 31 is also applicable to the distance measuring appara- 
tus of the single-lens type. 

The deflecting means 31 is obliquely disposed 
(abng or roughly along a direction in which light is con- 
verged by the objective lens 1 3) so as to gukie reflected 

10 light to the light receiving and converting means 1 6. The 
deflecting means 31 may be shaped like a funnel with 
an upward opening around an optical axis 02. 

In the aforementioned embodiments, the deflecting 
means Is described which has the light deflecting char- 

is acteristics or the light reflecting characteristics. Instead, 
the deflecting means may be made of, for example, a 
light refracting material by which use is made of diffused 
light by a light diffusing sheet, emitted light by a prism 
or concave lens, or emitted light obtained after image- 

20 formation is carried out by a convex lens with a relatively 
short focusing distance. 

Fresnel lenses or an array of lenses which are ob- 
tained by minimizing the aforementioned lenses and dif- 
fering their refracting directions and are arranged on a 

25 surface may be used as the light refracting material. If 
a cylindrical lens is used in which the refracting direc- 
tions of the aforementbned lenses are limited to one di- 
rection, diffused and reflected light can be more effec- 
tively guided to the light receiving and converting means 

30 16. 

Moreover, instead of this kind of light refracting ma- 
terial, use may be made of a light diffracting material for 
diffracting light by means of its diffraction gratings. In 
this case, by changing wkiths of the gratings in accord- 
35 ance with an incident position of the diffused and reflect- 
ed light, the diffused and reflected light can be more ef- 
fectively guided to the light receiving and converting 
means 1 6. Further, the aforementioned materials as the 
deflecting means may be combined with each other. 

40 

Claims 

1 . A distance measuring apparatus, comprising: 

45 

a light projecting system for projecting a meas- 
uring beam of light toward an object to be meas- 
ured; and 

a light receiving system for causing light receiv- 
50 ing and converting means to receive light re- 

flected by said object to be measured; 
a distance from a measuring position to said ob- 
ject to be measured being measured based on 
reflected light received by said light receiving 
55 and converting means; 

said distance measuring apparatus further 
comprising; 

deflecting means, disposed close to an optical 



EP0768 542A1 



ft 



11 



EP0768 542 A1 



path ranging from said object to be measured 
to said light receiving and converting means, 
for deflecting at least a part of the reflected light. 

2. A distance measuring apparatus, comprising: s 

a light projecting system for projecting a meas- 
uring beam of light toward an object to be meas- 
ured; and 

a light receiving system for imaging light reflect- 10 
ed by said object on light receiving and convert- 
ing means; 

a distance from a measuring position to said ob- 
ject to be measured being measured based on 
reflected light imaged on said light receiving 15 
and converting means; 

said distance measuring apparatus further 
comprising: 

deflecting means, disposed close to an optical 
path ranging from said object to said light re- 20 
ceiving and converting means, for deflecting at 
least a part of the reflected light which has de- 
viated from said optical path toward said light 
receiving and converting means. 

25 

3. A distance measuring apparatus according to 
claims 1 and 2. wherein said deflecting means is 
made of a light diffusing material. 

4. A distance measuring apparatus according to so 

claims 1 and 2, wherein said deflecting means is 
made of a light reflecting material. 

5. A distance measuring apparatus according to 
claims 1 and 2. wherein said deflecting means is 35 
made of a light refracting material. 

6. A distance measuring apparatus according to 
claims 1 and 2, wherein said deflecting means is 
made of a light diffracting material. 40 

7. A distance measuring apparatus according to 
claims 1 and 2, wherein a measured object is a ret- 
roreflection prism mounted on said object to be 
measured. 

8. A distance measuring apparatus according to claim 
7, wherein said retroreflection prism is a corner- 
cube prism. 

so 

9. A distance measuring apparatus according to 
claims 1 and 2. wherein a measured object is a light 
reflecting sheet mounted on said object to be meas- 
ured. 

55 

10. A distance measuring apparatus according to 
claims 1 and 2, wherein a measured object is said 
object to be measured itself. 
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